The emergence of information technologies and watershed management approaches enable decision-makers to establish predictive relationships between different land-use activities and the cmTesponding sediment and nutrient loads discharged from the watershed. Furthermore, these approaches are extended to assess the impacts of watershed waste loads on the receiving aquatic systems. For example, modeling of water quality provides the means to assess the effectiveness of nutrient reduction programs on the eutrophication process in the receiving water body. This is a complex process to manage because it requires tying the enviromnental outcomes of a management policy to land-use and socioeconomic implications.
The baseflow component of the surface stream was quantified using the modified recursive digital filter technique. The curve-number and the available moisture capacity proved to be the most important calibration parameters in the hydrologic component calibration, while the soil erosion factor and the rain water quality were important in the sediment and water quality components. The accounting of spatial variability of watershed parameters is one ofthe major strengths of the SWAT-GIS modeL Using the integrated approach involving SWAT, GRASS, and a relational database containing temporal weather information, the hydrology, soil, and crop management conditions renders study of large watershed surface and sub-surface processes possible.
Introduction
Geographic infoffimtion systems (GIS) are being increasingly used to enhance the development of spatially-distributed input data and to visualizing the model results of comprehensive simulation models Engel, 1991, Re\verts and Engel, 1991) . This chapter presents an application of GRASS, (U.S. Army, 1988) , with a distributed-parameter, continuous-time nonpointsource-pollution model, SWAT. This tool (SWAT 99.1, GRASS, and SWAT-GRASS interface) was developed by the Blackland Research Center, at the Texas Agriculture Experimental Station in Temple, Texas and was released in 1999. This integration proved to be effective and efficient for the development and management of input data, and visualization of the output results. The interdependence of sedin1ent and nutrient loads under different watershed landuses has been studied. The releases of chemicals can cause various impacts possibly affecting human health or contributing to the ecological degradation of the watcr bodies.
The SWAT-GIS Tool
SWAT is capable of continuous time simulation and flexible domain delineation (Williams, et al., 1985) . The development and management of input data for such a model are often difficult, due to the level of aggregation and the nature of spatial distribution. SWAT can be supported by GRASS, and Arcvicw Engel, 1991a, and 1991 b) . The integration ofSW AT with a GIS tool, including a relational database management system, extends its ability to readily extract input data required for modeling large watersheds (Srinivasan and Engel, 1991a) . The SWAT input interface automatically delineates a watershed, extracts the input data from geographical map layers and creates the associated relational databases for each subbasin (Amold et aI., 1993) . Soils, land-use, weather, management, topographic, and groundwater data are developed and written to appropriate model input files (Neitsch et aI., 1999) .
Development of SWAT-GRASS Input Interface
The SWAT -GRASS input interface was developed on principles similar to those detailed in Rewelts and Engel, (1991) , where the ANS\VERS model (a watershed planning model) was integrated with GRASS. Figure 5 .1 shows the structure of the user's view of the input interface and its interaction within SWAT.
The SW AT -GRASS input interface has a project manager and an engine for controlling, extracting, and aggregating the data, and for viewing, editing, and checking SWAT input data files. The function of the project manager is to interact with the user to prepare data for the SWAT input files. Most SWAT input data are derived from GIS raster map layers. The project manager executes a series of steps to prepare the inputs for SWAT. Multiple, concurrent simulation projects are facilitated, each being identified by a project name. The four basic layers needed to extract inputs for the SWAT model include a basin layer, an elevation layer, a soils layer, and a land-use layer . SWAT delineates the basin into subbasins based on soi11ype, land-use, and topography. This requires tools to aggregate inputs at both basin and subbasin levels for the model. The method of aggregation varies and depends on the type of input. The general methods to aggregate data in the SWAT -GRASS input interface are: mean, mode (dominant), weighted average, discrete or segment average, and geometric mean.
The model computes the impact ofland-use and management changes on water, sediment and agricultural chemical yields in large ungaged watersheds. The major components of the hydrologic balance and their interactions are simulated in the SWAT model including surface runoff, lateral flow in soil profile, groundwater flow, evapotranspiration, channel routing, pond and reservoir storage. In-stream pesticide, nutrient transport and transformation routines, bacteria growth, and wetland simulation have been added to the model recently .
Case Study
In this chapter, the integrated SWAT-GRASS tool was applied to Tangipahoa River Watershed, a component of the Lake Pontchartrain ecosystem in Louisiana, USA. The study area is about 518,000 acres (210,000 ha) as shown in Figure 5 .2. The major land-uses in Tangipahoa watershed are presented in Table 5 .1. The Tangipahoa River is a popular recreational resource for Mississippi and Louisiana states. In Mississippi, the Tangipahoa River is classified as fish and wildlife habitat, which is protective of contact recreation during the summer months. There are concerns due to the high pollution loads recorded at that period. In Louisiana, the river is listed as a wild and scenic stream by the Louisiana Scenic Streams Program and is used for recreational contact. Both States have designated the Tangipahoa River as a targeted watershed in their non-point souree management program reports. By this designation, the river has been identified as being potentially impaired by agricultural non-point pollution sources. Surface runoff from the study area and others in the ecosystem represent a major. component in the water balance of Lake Pontchartrain. Therefore, pollutant loads discharged into the lake, accounting for the different land-use activities, have to be estimated (Khairy, 2000) . The initial conditions for the SWAT model were established for the year 1979, then the period of 1980-1989 was used in the calibration. Finally, the period 1990-1995 was used to validate the model.
Input Data Development for SWAT

Study Area Delineation
The SWAT -GRASS tool, which utilizes existing USGS and Soil Conservation Service (SCS) geographic information resources, is used in this study. The interface used the geographic digital terrain and soil type map layers of 1: 100,000 scale and 5 km x 5 km resolution. The Tangipahoa watershed was delineated based on the land-use, soil type and topography into 76 subbasins or hydrologic response units (HRU) about 2,500 ha each, based on the approach of dominant land-use (land-use of less than 20% of the area was disregarded) and dominant soil type (soil type ofless than 10% of the area was disregarded). Finally, one dominant land-use and one dominant soil type were assigned for each HRU as shown in Figure 5 .3 (Khairy, 2000) . The SWAT data requirement includes, for example, soils characteristics, topography, geometry and stream flow configuration, hydrologic parameters, land-use, and weather data. The interface develops, aggregates and extracts the data sets, then writes them into the appropriate model input data files. The schematized land-uses used by SWAT are shown in Figure 5 .4. The relational SWAT databases include crop development, fertilizers, pesticides, and tillage data sets.
Precipitation and Temperature Data
Precipitation data records for Tangipahoa watershed were determined using the USGS dailyrainfaH database. For the daily maximum/minimum air temperature, solar radiation, wind speed, and relative humidity data, the SWAT weather generator technique (Richardson and Wright, 1984) was used.
Daily 'Farm and Urban Waste Data
The animal waste loads in Tangipahoa watershed are relatively large in comparison to domestic waste loads (US-DOA, 1991). The dairy farm and urban waste data were collected from different district offices in Louisiana and Mississippi States (Khairy, 2000) .
Stream Flow and Water Quality Data
The USGS stream flow data (period 1960-1995) and the in-stream water quality data from LDEQ (period 1980-1996) were used for calibration and verification purposes.
Results and Discussion
The hydrologic, sediment, and nutrients calibration were conducted for the Tangipahoa watershed during the period 1980 through 1989. The curve number, available moisture capacity, and the shallow groundwater evaporation factor were the major calibration parameters for hydrology. Soil erosion factor and soil coverlbiomass factor were used for the sediment calibration. The rainwater nutrient (N and P) concentrations and the initial soil (N and P) contents were the dominant parameters for nutrient loads calibration. SWAT over-estimates the storm peak flow unless it is calibrated with high consideration to the interactive effects of a group of hydrologic input parameters in the same time using the objective function approach (Arnold and Allen, 1996) . Figure 5 .7 shows the scatier plot of observed and predicted monthly flow at Robert location in 1980 (typical year). The coefficient of determination (R2) for the linear regression between the monthly observed and simulated stream flow is 0.977. The slope ofthe regression line is 1.306 and is marginally different from 1.0 at 95% confidence level. The average Nash-Suticliffe coefficient during the calibration period was 0.867 (Khairy, 2000) . Therefore, the model performance, considering average flow rates over the entire simulation period, is considered successful, and the SWAT model c{)mputed the stream flow at the Tangipahoa watershed outlet location satisfactorily.
The modified recursive digital filter tedmique by Amold and Allen (1999) was used for Tangipahoa watershed baseflow calibration during the period of 1984-1995, due to the unavailability of base flow measurements. A comparison between the automated filter basef10w and the SWAT bascflmv estimates at the watershed outlet (Robelt location) on a daily basis is shm\'n in Figure 5 .8. Results compare wen except at the storm peak for single events. The digital filter over-estimates baseflow values. Both digital filter and SWAT model methods for estimation of base flow to streams have inherent errors, uncertainties, and in some cases the water balance model may give more reliable estimates than the recession method (Arnold and Allen, 1999) .
The computed average annual sediment load to Lake Pontchartrain was 0.195 t/(ha.y) whereas the measured sediment was about 0.20 t/(ha.y), Figure  5 .9. The cOlTe1ation coefficient between the measured and estimated annual average sediment loads was 0.65, Figure 5 .10. Generally, the long-term estimated average annual sediment transport was close to the average value measured by LADEQ.
The SWAT estimates for the nitrate-N and soluble-P loads against the measurements at Robert location are shown in Figures 5.11 and 5.12. The measured and estimated yearly loads of both nitrate-N and soluble-P are in very good agreement except for years 1980 and 1983. Those two years had high intensity and volume of rainfall. The SWAT model relates nitrate-N and soluble-P loads in rainwater to the volume of rain, therefore some estimated load peaks show up during those years. Another explanation for that unexpected disagreement for the aforementioned years could be the inaccuracy of the EPA grab samples, which may not have been representative of an annual average suite of v.ar stonns and loadings. Because the SWAT modeling procedure attempted to quantify the yearly average hydrology of the watershed, comparisons with any single measurement can provide only rough verification.
Concluding Remarks and Potential Applications
The accounting of spatial variability of watershed parameters is one of the major strengths of the SWAT -GIS tool. The results of the model are sensitive to data resolution in the GIS map layers. Results suggest thatthe integrated SWAT -GIS tool significantly reduces the time required to obtain input data and simplifies model operation. Once the watershed processes and the study areas are identified, land-use management and practices can be investigated for optimum environmental and modeling objectives.
The water quality part ofthe SWAT model is still under development. The relative changes that are shown should be regarded as qualitative, but numerical values are presented to show the trends of the computation and the ultimate potential of this type of model for evaluating management scenarios.
In general, the annual and monthly stream flow rates and nutrients loadings computed by SWAT correspond very well with the observed values. Nevertheless, the model overestimates the daily totals particularly during the spring! sunmler months. Watershed management options proposed to improve water management and emironmental aspects can be assessed for effectiveness using the SWAT tool.
